Abstract
I. INTRODUCTION
In this paper we describe the procdure within transfer matrix formalism to obtain the solution of nonlinear charge particle motion equation up to third-order aberrations in the electrostatic fields.
We suppose
The matrix elements are given with the coefficients in the Taylor expansion, paper brings up the investigation that it concll.ldes in [3, 41 . nonlinear equation of the particle trajectory in the electrostatic
In cylindrical coordinate system with the Z -axis directed originates from the Lorentz force equation for the charged particles in the external axis-symmetric field [5] .
a?"" straight along the E axial field, the nonlinear motion equation
In the case the magnitudes of r and r' have remained small (near the axis), we obtain the paraxial particle linear equation:
(1.8) describe the motion of anelectron far tom the axis. Into the In further we are limited the sign (4) = -1 in Eq. (1.7), i.e., we decreasing electrostatic field the trajectory of a proton will be the same as one for an electron in the increasing (in the same where m is the particle rest mass, q is the particle charge, = 1 4 3 , p = c, -the particle velocity, c-the of light in vacuum, E, & E, are the radial and axial components of the electrostatic field: 
The appearance of a transverse velocity is to influence on the beam dispersion increment: 
where we =e accounting the obvious contdition (1.5). The directly integration (2.1.3) on with the initial condtions (ro , rfo) gives us the following nonlinear solution:
(1.11) @" 2 6 = --. r .
8@
The aberration coefficients R, , TI,, and U,J,, define the first, the second and the third orders of transfer matrix and of sytem properties at all. We shall use some useful relations for "primes" and "nonprimes": where R = ( R 1 l R12) , u22 =( 0 U1222 j . values, n-electron-optics [5] index of the reflection that @(z) = @,(1 f 2) .) (3.1) appropriate by the Snellius law. Naturally it impose a constraint on n that electrostatic potential is equal to ~r o where = zo, zo = /Jm , n # l . We choose this where the Darticle velocitv is eaual to zero.
Third-order optics in an accelerating (decelerating) tube with a linear potential
The first-order optics is described in [4, 6] .
The main Eq. (1.7) with a linear potential (2.1) is adopted 
I . The third-order beam optics of the acceleration tube with the square potential
For first-order optics, the acceleration tulbe transfer matrix F(z) and the deceleration tube transfer inatrix Qz) are described in [4] . In order to obtain nonzero elements of T-matrix we substitute the equation for r'(z) to the definition of the value 6 from (1.13),
We find the accurate analytical solution of Eq. (1.7) with the potential (2.1). In this case the initial equation of the third order can be written to substitute the linear potential (2.1) once into Eqs. We shall find driving forces to obtain third order aberration Integrating with the Green's function gives us:
According to (l), we introduce some useful formula for beam parameters:
Further, we shall integrate Eqs. (3.2.4) wiht the Green's function [4] according to relations (1.13). We found:
+I, sin 5 -z3 cos e] , (3.1.7)
IV. CONCLUSION
In this paper we describe the third-orer beam optics of the acceleration (decelration) tube, created with axis-symmetrical potential. We describe the linear and square electrostatic field models with nonlinear transfer matrices. The described procedure was taken into account to obtain numerical results of investigation of the 0.5 MeV proton beam transport through the SPIN superconducting synchrotron injection channel [7] . Some modification of construction and channel parameters by choosing an optimal installation operation regime was proposed. A possibility of increasing the beam intensity at the entrance into the synchrotron ring was established by a computer simulation.
